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Abstract
Summary This study assessed the cost-effectiveness of vita-
min D supplementation and exercise, separately and com-
bined, in preventing medically attended injurious falls among
older home-dwelling Finnish women. Given a willingness to
pay of €3000 per injurious fall prevented, the exercise inter-
vention had an 86 % probability of being cost-effective in this
population.
Introduction The costs of falling in older persons are high,
both to the individual and to society. Both vitamin D and
exercise have been suggested to reduce the risk of falls. This
study assessed the cost-effectiveness of vitamin D supplemen-
tation and exercise, separately and combined, in preventing
medically attended injurious falls among older Finnish
women.

Methods Economic evaluation was based on the results of
a previously published 2-year randomized controlled trial
(RCT) where 409 community-dwelling women aged 70 to
80 years were recruited into four groups: (1) no exercise +
placebo (D−Ex−), (2) no exercise + vitamin D 800 IU/day
(D+Ex−), (3) exercise + placebo (D−Ex+), and (4) exer-
cise + vitamin D 800 IU/day (D+Ex+). The outcomes
were medically attended injurious falls and fall-related
health care utilization costs over the intervention period,
the latter evaluated from a societal perspective based on
2011 unit costs. Incremental cost-effectiveness ratios
(ICER) were calculated for the number of injurious falls
per person-year prevented and uncertainty estimated using
bootstrapping.
Results Incidence rate ratios (95 % CI) for medically
attended injurious falls were lower in both Ex+ groups
compared with D−Ex−: 0.46 (0.22 to 0.95) for D−Ex+,
0.38 (0.17 to 0.81) for D+Ex+. Step-wise calculation of
ICERs resulted in exclusion of D+Ex− as more expensive
and less effective. Recalculated ICERs were €221 for D
−Ex− , €708 for D−Ex+, and €3820 for D+Ex+;
bootstrapping indicated 93 % probability that each injurious
fall avoided by D−Ex+ per person year costs €708. At a
willingness to pay €3000 per injurious fall prevented, there
was an 85.6 % chance of the exercise intervention being
cost-effective in this population.
Conclusions Exercise was effective in reducing fall-related
injuries among community-dwelling older women at a mod-
erate cost. Vitamin D supplementation had marginal addi-
tional benefit. The results provide a firm basis for initiating
feasible and cost-effective exercise interventions in this
population.
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Introduction

Falls and fall-related injuries among older people are a major
public health concern causing significant morbidity and mor-
tality. Approximately 30 % of community-dwelling people
aged 65 years or older, and even 50 % of those 80 years or
older, report having had a fall over the past year [1, 2]. The
costs of falling are high, both to the individual and to soci-
ety. A fifth of fall incidents require medical attention, and
serious injuries occur with 10–15 % of falls, 5 % resulting in
fractures, and 1–2 % in hip fractures [3, 4]. National fall-
related costs of prevalence-based studies are between 0.85
and 1.50 % of the total health care expenditures, 0.07 % to
0.20 % of the gross domestic product in the USA, Australia,
and the UK [5]. In Finland (current population 5.4 million),
the costs of hospital inpatient care due to falls were close to
€400 million in 2012 [6].

Although challenging, falls prevention is widely seen as
the most essential element in planning effective injury and
fracture prevention strategies for older adults, since a greater
propensity to fall increases the risk of fracture and other inju-
ries considerably [4, 7, 8]. Regular strength and balance train-
ing for community-dwelling older adults can reduce the risk of
both noninjurious and injurious falls by 15–50 % [4, 9–11].
Not only individually tailored training but also more
untargeted group exercise programs are effective in
preventing falls [12, 13]. Vitamin D, in turn, is known to be
vital for bone metabolism and has been suggested to reduce
the risk of fractures [14]. In addition, low S-25-OHD levels
are associated with falls [15, 16].

Evidence for the economic effectiveness of fall preven-
tion in the elderly is growing, and various intervention pro-
grams have been deemed to be cost-effective [17–19]. Evi-
dence concerning cost-effectiveness of vitamin D in falls
prevention is sparse, although a meta-analysis showed that
vitamin D supplementation reduced older adults’ fall risk by
more than 20 % compared with individuals receiving calci-
um or placebo [15]. In addition, in seven European coun-
tries, supplementation with calcium and vitamin D was cost-
effective in preventing hip fractures among institutionalized
elderly women [20]. For its safety, availability, and low
costs, vitamin D supplementation has great potential for
widespread implementation.

This study assessed the cost-effectiveness of vitamin D
supplementation and exercise in preventing medically
attended injurious falls, based on results from a four-armed
RCT on falls prevention among older home-dwelling Finnish
women [21]. Although the RCTexamined the effectiveness of
the interventions on preventing falls, effectiveness on fall-
related health care utilization costs was not known. In this
study, the four treatment arms (depending on whether or not
participants received exercise and vitamin D) were compared
for intervention costs as well as for differences in fall-related

health care utilization costs. Fall-related health care costs were
evaluated over the 2-year intervention period from a societal
perspective, based on 2011 unit costs. ICERs were calculated
for the number of injurious falls per person-year prevented in
each treatment arm.

Methods

The DEX RCT: study design, interventions, and outcomes

The cost-effectiveness analysis is based on data from the
vitamin D and exercise for falls prevention trial (DEX),
c o n d u c t e d i n F i n l a n d f r om 2 0 1 0 t o 2 0 1 3
(NCT00986466). The DEX study was a 2-year random-
ized, double-blind placebo-controlled vitamin D, and open
exercise intervention trial where 409 community-dwelling,
independently living Finnish women aged 70 to 80 years
were randomized into one of four groups: (1) no exercise +
placebo (D−Ex−), (2) no exercise + vitamin D 800 IU/day
(D+Ex−), (3) exercise + placebo (D−Ex+), and (4) exercise
+ vitamin D 800 IU/day (D+Ex+). To be eligible, partici-
pants were required to have fallen at least once during the
previous year, had no contraindications to exercise, and had
less than 2 h of moderate to vigorous exercise per week.
Participants received one daily pill containing either 800 IU
(20 μg) vitamin D3 or placebo for 24 months [22], and
compliance was confirmed by pill counts. Exercise
consisted of supervised group training classes two times a
week for the first 12 months and once a week for the
remaining 12 months. The training program was progres-
sive and consisted of strength, balance, agility, and mobility
training, as described in detail elsewhere [22]. Exercisers
also had a home-training program modified from the su-
pervised exercises, to be done on all rest days during the
first year and at least three times a week in the second
year. The exercise protocol was based on previously tested
protocols for falls prevention [23, 24]. Participants in the
nonexercising groups were asked to maintain their pre-
study level of physical activity.

Participants recorded fall incidents in fall diaries returned
monthly via postage-prepaid envelopes. Details of each regis-
tered fall were ascertained by telephone. All reported fall-
related injuries (including bruises, abrasions, contusions, mus-
cle or joint pain, head injuries and fractures) were recorded. A
fall was defined as Ban unexpected event in which the partic-
ipants come to rest on the ground, floor or lower level^ [25].
Medically attended fall injuries were defined according to
medical care use and conformed to a definition recently rec-
ommended by Schwenk et al. and included injuries requiring
medical/health professional examination, or emergency/
inpatient treatment [26].
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Effects of the RCT

The DEXRCTshowed that while neither exercise nor vitamin
D affected the rate of falls, the rate of medically attended
injurious falls and injured fallers more than halved with exer-
cise training. Incidence rate ratios (IRR; 95 % CI) for medi-
cally attended injurious falls were lower in both Ex+ groups
compared with D−Ex− group: 0.46 (0.22 to 0.95) for the D
−Ex+ group and 0.38 (0.17 to 0.81) for the D+Ex+ group. The
D+Ex− group did not differ fromD−Ex− group. Effects of the
intervention are described in detail elsewhere [21]. The num-
ber of participants who needed to be treated with the exercise
program (NNT) over 24 months to prevent one medically
attended injurious fall event was calculated as the reciprocal
of the absolute difference in the incidence between each of the
intervention groups and the reference D−Ex− group.

Economic evaluation

Intervention costs included costs due to the exercise program
as well as vitamin D supplementation. Exercise implemen-
tation included hourly supervisors´ (physiotherapists) sala-
ries including administrative costs, material costs, and over-
heads calculated for the recommended exercise dose over
the intervention period (twice a week for 12 months and
once a week for the subsequent 12 months). We focused
on implementation costs only; although there were costs
associated with developing and evaluating the program, the-
se were incurred before the trial and were not incremental to
this program. Research protocol costs were, therefore, ex-
cluded. Vitamin D supplement costs (Oy Verman Ab,
Kerava, Finland) were based on pharmacy prices. Average
intervention costs per participant were calculated assuming
all participants randomized to the exercise groups attended
all of the offered training sessions, and those randomized to
vitamin D supplementation had 100 % pill compliance over
the entire 2-year intervention period.

The Pegasos patient medical records of the City of Tampere
and the Tampere University Hospital were searched for fall-
related health services utilization for all injurious falls reported
during the intervention period. The use of these centralized
data records ensured that all fall-related public health service
utilization was taken into account. Records were checked spe-
cifically for visits around the date on which each medically
treated injurious fall occurred (data from falls diaries, con-
firmed over telephone interview). Treatments mentioning
Bfall,^ Bfall-related,^ or Bfall injury^ as diagnosis criteria or
history were recorded. Follow-up visits were scrutinized for
as long as the original fall was mentioned in the history or
diagnosis. All visits to outpatient health care (nurse and spe-
cialist consultations), telephone consultations, emergency de-
partment visits, ambulance services, operations or treatments
according to ICD-10 diagnosis codes, related inpatient

hospital days, and social services (home-care) utilization for
each reported injurious fall were scrutinized. Visits to private
health care providers were estimated based on self-report by
the participants.

Outpatient visits were matched with appropriate unit costs
published by the Finnish National Institute for Health and
Welfare [27]. Inpatient unit costs were based on detailed
BDiagnosis Related Group^ information according to ICD-10
diagnoses and procedure codes [27, 28]. Procedure unit costs
included a standard number of inpatient days, depending on the
type of procedure/surgery and duration of rehabilitation.

Costs were reported based on the tax-based health care
system of Finland and evaluated from a societal perspective
including fall-related health care costs for the municipality and
costs borne by the patients. This was because in Finland, the
patients’municipality of residence reimburses real health care
costs to the relevant hospital district. Daily charges for outpa-
tient and inpatient care also create a small cost to the patient.
Unit costs were entered at the price level for 2011 in euros (€)
[27] and included salary costs, administrative and laboratory
expenses, equipment and medication costs, and costs for all
professionals participating in the provision of health care.
Costs borne by the patients themselves were included in the
unit costs for outpatient health care, while those for inpatient
care were added separately (approximately 5 %) as recom-
mended [27]. Because the travel expenses and time costs re-
lated to the use of health services were not known, they were
not included in the calculation. Also, prescription medication
costs were not included since it was not possible to distinguish
fall-related prescriptions from other commonly used medica-
tions, especially in this age group with comorbidities.

Statistical methods

Descriptive information and differences in costs between
groups are reported as arithmetic means and standard devi-
ations (SD). Between-group differences in costs were tested
with the nonparametric Kruskal-Wallis tests and significance
values calculated with bootstrap methods. Results were con-
sidered to be statistically significant if p<0.05. Cost-
effectiveness is expressed in terms of the incremental cost-
effectiveness ratios (ICER), calculated as the ratio of the
difference in mean total costs and mean effects at the group
level. Total costs included fall-related health care costs and
intervention costs. Standardized measures of injurious falls
per person year and fall-related costs per person year were
used, since they took into account the variable follow-up
times for individuals in the trial [29]. The total cost of inter-
vention over 2 years was used for the calculations, since this
provided a conservative estimate of the actual expenditure
regardless of compliance. The control D−Ex− group repre-
sented the alternative of Busual care^ and had the same
ICER as its average cost-effectiveness ratio (ratio of mean
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total cost and mean effect). Alternative interventions were
ranked according to their effectiveness, and ICERs were
calculated [30]. Using the principle of extended dominance,
alternative interventions that were more expensive and less
effective than usual care were excluded, and ICERs were
recalculated for the remaining interventions [30, 31]. Uncer-
tainty around the ratios was estimated using bootstrapping
with 5000 iterations to generate 95 % confidence ellipses for
the joint distribution of cost and effectiveness outcomes,
graphically represented on a cost-effectiveness plane. Cost-
effectiveness acceptability curves (CEAC) were presented to
indicate the probability of any of the alternative interven-
tions’ being cost-effective. To evaluate the robustness of
the findings, we performed sensitivity analysis, using dou-
bled intervention costs. Also, we combined the groups ac-
cording to whether they received the exercise intervention or
not, and exercisers were compared with nonexercisers re-
gardless of vitamin D supplementation. Corresponding
ICERs and CEACs were also reported. All analyses were
conducted using Stata statistics software version 12.1.

Results

Effects

There were no clinically relevant between-group differences
in age or anthropometry at baseline (Table 1). Thirty-nine
women (9.5 %) did not complete the end point measure-
ments, most of them due to health reasons, and four died.
Mean pill compliance (range) was 98 % (42 to 100 %),
while mean exercise compliance measured as attendance at
all offered training sessions for group and home training was
73 % (0 to 97 %) and 66 % (0 to 100 %), respectively. At
the end of the intervention, there was no interaction between
vitamin D and exercise [21]. Table 1 shows the effect of
interventions on all falls and medically attended injurious
falls as well as the numbers needed to treat (NNT) over
24 months to prevent one medically attended injurious fall.
In total, there were 72 medically attended injurious falls and
57 medically attended injured fallers. Table 1 also lists the
medically attended fall injuries by group over 24 months
(categorized as the more severe injury in cases where more
than one injury was reported per fall).

Costs

Table 2 shows group differences in mean costs for health care
services utilization as well as average intervention costs. The
average 2-year cost of vitamin D supplementation was €73 per
participant (€0.10 per pill), while that of implementing the
exercise intervention was €47 per participant (€63 per hour).
There were no significance between group differences for

mean fall-related health care costs (Table 2). Total costs per
person year (including costs of the 2-year intervention) were
lowest in the D−Ex− group €30.9 (9.5), compared with €73.4
(10.4) in D−Ex+, €188.0 (45.4) in D+Ex+, and €206.9 (80.2)
in D+Ex− (Table 3).

Cost-effectiveness

ICERs calculated for alternative interventions ranked accord-
ing to their effectiveness are shown in Table 3. In the first step,
the D+Ex− group was excluded since it was followed by an
intervention that was both more effective and less expensive.
Recalculation for the remaining groups resulted in an ICER of
€221 for group D−Ex−, €708 for group D−Ex+ and €3820 for
group D+Ex+. Figure 1 shows the cost-effectiveness plane
and cost-effectiveness acceptability curve (CEAC) for D
−Ex+ compared with D−Ex− for the outcome Bmedically-
attended injurious falls per person year^; 93.2 % of bootstrap
pairs were in the north-east quadrant indicating that the inter-
vention was more effective and more expensive for injurious
falls prevented than usual care. In other words, the study in-
dicated 93.2 % probability that each injurious fall avoided by
group D−Ex+ per person year required an additional cost of
€708. In Fig. 1, the CEAC cuts the y-axis at 0, showing that
none of the joint density involves cost-savings. At a willing-
ness to pay €3000 per injurious fall prevented, there was an
85.6 % chance of the exercise intervention being cost-
effective in this population.

The corresponding ICERs per fall prevented (i.e., total
number of falls in the comparator group minus total number
of falls in the intervention group) were €250 for group D−Ex+
and €3920 for group D+Ex+.

Sensitivity analyses

The sensitivity analyses applied the assumption that the in-
tervention costs would be two times higher (€146 for vita-
min D and €94 for exercise). The results were quite similar
to those in the basic analyses; D+Ex− was eliminated and
recalculated ICERS were €1492 for group D−Ex+ and
€6253 for group D+Ex+. The cost-effectiveness plane
showed 93.3 % of bootstrap pairs in the north-east quadrant.
Table 3 shows the ICERs for the combined exercise groups
compared with no exercise. The combined exercise group
was significantly more effective in reducing injurious falls.
In the cost-effectiveness plane (Fig. 1), the cost-effect pairs
were within the north-east and south-east quadrants, cluster-
ing around the x-axis indicating neither large nor significant
differences in costs. The CEAC did not cut the y-axis at 0,
indicating that about a third of the joint density (35.9 %)
involved cost-savings. The probability of the exercise inter-
vention being cost-effective was 95 % at a willingness to
pay of €2240, based on available evidence.
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Discussion

Exercise was more effective than usual care in reducing inju-
rious falls requiring medical care among 70–80-year-old
community-dwelling women. This exercise intervention can
be termed cost-effective from the Finnish societal perspective
because it gave an additional benefit worth the additional cost
[32]. In fact, the nature of the CEAC involves including the
joint density of cost-effect pairs that falls in the north-east
quadrant (more costly, more effective) as cost-effective, as
the value of the willingness to trade between cost and effect
increases [33]. Our study showed that with a willingness to
pay of €3000 per injurious fall prevented, there was an 85.6 %
chance of the exercise intervention being cost-effective in this
population. Exercise combined with vitamin D had a relative-
ly small increase in effect, while total costs were substantially
more. Of note, exercise alone also improved physical func-
tioning and may be effective in the long-term in saving on
further costs of fall-related outpatient and inpatient visits.

Evidence for the economic effectiveness of fall prevention
in the elderly is growing, and various intervention programs
have been deemed to be cost-effective [17, 19]. A systematic
review of economic evaluations of falls prevention interven-
tions (eight studies that reported incremental cost per fall
prevented) concluded that cost-effective interventions includ-
ed strength and balance retraining, cataract surgery, and home

safety interventions [18]. Of three studies applying falls
prevented as a measure of effectiveness, two proved the inter-
ventions to be cost-effective [34, 35], while one could show
this only for participants with previous falls [36]. Two studies
have shown that a multifactorial approach to fall prevention
reduced neither the fall rate nor the costs among high-risk
patients and were not superior to usual care in terms of utility
(quality of life) [37, 38]. Multifactorial programs may also
increase intervention costs substantially. Among exercise in-
terventions, the most favorable incremental and widely appli-
cable cost-effectiveness ratio was for the Otago Exercise Pro-
gram [39]. A randomized controlled exercise trial on fracture
risk, coronary heart disease, and health care costs in
community-dwelling elderly women demonstrated a trend to-
ward lower health care costs in the exercise group [40]. An-
other recent study estimated that a multimedia patient educa-
tion program with health professional follow-up had a 52 %
probability of being both more effective and less costly than
usual care for the incremental cost per faller or per fall
prevented [41]. A majority of studies have assessed only one
component of a multifactorial approach to fall prevention,
disregarding components that did not prove effective in
preventing falls [36, 42]. Davis et al. [43] found that both once
and twice weekly resistance training resulted in lower
healthcare costs and was more effective than twice-weekly
balance and tone classes, though the former excluded an

Table 1 Baseline descriptive
characteristics of the study
groups, mean (SD), medically
attended fall injuries over
24 months, and effects of
interventions on all falls and
medically attended injurious falls
over 24 months

D−Ex− D+Ex− D−Ex+ D+Ex+

Baseline characteristics N=102 N=102 N=103 N=102

Age, year 73.8 (3.1) 74.1 (3.0) 74.8 (2.9) 74.1 (2.9)

Height, cm 160.7 (5.4) 159.2 (5.8) 159.4 (6.1) 159.7 (5.9)

Weight, kg 72.0 (12.4) 73.0 (13.1) 70.9 (10.6) 73.2 (10.5)

S-25(OH)D, nmol/L 67.6 (18.8) 65.8 (17.1) 69.5 (18.0) 65.5 (17.5)

Daily steps, first month 6000 (2636) 5812 (2842) 5920 (2458) 5831 (2504)

MMSE score (range 0–30) 28.5 (1.7) 28.3 (1.4) 28.2 (1.4) 28.3 (1.5)

SPPB score (range 0–12) 10.6 (3–12) 10.7 (1–12) 10.9 (7–12) 10.8 (5–12)

Number of diagnosed diseases 2.2 (1.3) 2.3 (1.3) 2.0 (1.4) 2.3 (1.3)

Number of medications 2.5 (2.0) 2.6 (1.9) 2.3 (2.0) 2.7 (1.9)

Medically attended fall injuries, n N=102 N=96 N=99 N=100

Fractures 6 6 5 3

Head/facial injuries 6 6 4 2

Other (abrasions, bruises, contusions) 16 8 5 5

Effects of intervention at 24 months

All falls, n 229 228 241 230

Falls per person year 1.18 (1.6) 1.39 (2.1) 1.25 (1.6) 1.15 (1.2)

Injurious falls, n 28 20 14 10

Injurious falls per person year 0.14(0.3) 0.13(0.4) 0.08 (0.2) 0.05 (0.2)

NNT Reference 16 8 6

MMSE mini-mental state examination, SPPB short physical performance test battery, NNT number needed to
treat for 24 months to prevent one medically attended injurious fall, D−Ex− placebo and no exercise, D+Ex−
vitamin D and no exercise, D−Ex+ placebo and exercise, D+Ex+ vitamin D and exercise

Osteoporos Int (2016) 27:193–201 197



outlier with multiple falls. Other studies substantially differ
from our study methodologically, including various follow-
up periods, different outcome measures, unequal cost compo-
sitions, and most importantly, various intervention ap-
proaches, making comparisons difficult [44]. Overall, the best
value for money seems to come from single factor interven-
tions such as home-based exercise programs targeted at high-
risk groups [18].

In our study, average fall-related health care utilization
costs were lowest in the group receiving the exercise inter-
vention only, indicating that exercise may be effective in
reducing fall-related medical costs. On the other hand, both
groups receiving vitamin D supplementation (with or with-
out exercise) showed higher medical costs. Two hip frac-
tures (one of the most expensive fractures) occurred during
the intervention period, both in women belonging to the D+
Ex− group. One woman from the D+Ex+ group sustained a

vertebral fracture (requiring 3 U of hospitalization and 61 U
of home care) and was responsible for a sizable proportion
of the average medical unit costs associated with the group.
Also, it is worth noting that although the control group had a
greater number of injurious falls requiring medical care, the-
se were treated on an outpatient basis and none required
hospitalization. As a result, fall-related health care costs
remained low in this group.

Our study has certain limitations. The trial primarily aimed
to evaluate the effectiveness of the interventions in preventing
falls and injuries among older home-dwelling women, and the
power calculation was based on a reduction in the total number
of falls, rather than costs. Severe fall-related injuries that result
in higher health care costs are rare, and group differences are
easily skewed by outlier values. Costs were calculated by scru-
tinizing register data of those who reported seeking medical
treatment due to a fall. Although falls reported through falls

Table 2 Mean (SD) fall-related health care and intervention costs by group

Resource Unit cost, € D−Ex− (n=102) D+Ex− (n=96) D−Ex+ (n=99) D+Ex+ (n=100) pa

Number
of units

Mean
costs (€)

Number
of units

Mean
costs (€)

Number
of units

Mean
costs (€)

Number
of units

Mean
costs (€)

Primary health care

Physician 96–110/visit 35 34.9 (124) 32 33.9 (131.9) 15 15.1 (54.8) 8 8.1 (44.7) 0.77

Nurse 34–48/visit 22 7.5 (22.4) 15 5.3 (15.1) 13 5.3 (38.1) 11 4.3 (23.8) 0.66

Other health professional 46/visit 3 1.4 (7.8) 2 1.0 (9.4) 3 1.4 (10.3) 1 0.5 (4.6) 0.86

Telephone consultation: Physician 23–26/call 6 1.5 (8.7) 3 0.8 (4.5) 0 0 2 0.5 (4.6) 0.71

Telephone consultation: Nurse 10/call 5 0.5 (2.2) 5 0.5 (5.1) 2 0.2 (1.4) 1 0.1 (1.0) 0.64

Specialist consultation 35/call 0 0 1 0.4 (3.6) 2 0.7 (7.0) 0 0 0.93

Secondary health care

Ambulance call out 112/trip 1 1.1 (11.1) 1 1.2 (11.4) 3 3.4 (19.3) 0 0 0.65

Emergency department 347/visit 1 3.4 (34.4) 1 3.6 (35.4) 2 7.0 (49.1) 1 3.5 (34.7) 0.94

Outpatient department 290/visit 0 0 1 3.0 (29.6) 2 5.9 (58.3) 0 0 0.93

Hospitalization 1929–7258/
hospitalization

0 0 5 196.1 (1352.0) 0 0 3 86.5 (609.2) 0.70

Personal social services

Home care 42/visit 0 0 0 0 0 0 61 25.6 (256.2) 0.72

House call by nurse 61–110/visit 0 0 2 1.8 (17.4) 0 0 0 0 0.74

Physiotherapy services

Outpatient visit (31–60 min) 115/visit 9 10.1 (58.6) 14 16.7 (115.6) 5 5.8 (41.5) 0 0 0.78

House call 215/visit 0 0 0 0 0 0 1 2.2 (21.5) 0.72

Telephone consultation 47/call 0 0 0 0 1 0.5 (4.7) 0 0 0.74

Private health care

Physician 47–82/visit 1 0.8 (8.1) 0 0 2 1.3 (9.5) 0 0 0.66

Radiological investigations 81–84/x-ray 1 0.8 (8.0) 0 0 1 0.8 (8.4) 0 0 0.93

Total health care costs 61.9 (190.8) 264.3(1572.5) 47.4 (186.7) 131.2 (880.6)

Intervention

Exercise 63/hour – – 47 47

Vitamin D (20 μg/day) 0.10/pill – 73 – 73

Unit costs estimated at the price level for 2011, in euros (€) [27]

D−Ex− placebo and no exercise, D+Ex− vitamin D and no exercise, D−Ex+ placebo and exercise, D+Ex+ vitamin D and exercise
a Kruskal-Wallis test, significance values calculated with bootstrapping methods
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diaries (returned monthly by mail) were ascertained for details
of treatment with minimal delay to avoid recall bias, some of
these may have been inadvertently missed or remained unre-
ported. The present results are specific to the study interven-
tions within this particular population of healthy vitamin D-

replete community-dwelling women who had fallen at least
once in the previous year and may not be applicable to men,
or to those in residential care. Also, since healthcare costs and
content of usual care differ across countries, generalizing the
results to other countries may not be relevant.

Table 3 Mean total costs (health care and intervention) and injurious falls per person year (SD) and incremental cost-effectiveness ratios (ICER)

Group Sample
size

Costs per person
year in € (C)

Effects: injurious falls
per person year (E)

Incremental
cost (ΔC)

Incremental
effect (ΔE)

ICER
(ΔC/ΔE)

All intervention groups

D−Ex− 102 30.9 (95) 0.14 (0.32) 30.9 0.14 220.7

D+Ex− 96 206.9 (786) 0.13 (0.38) 176.0 0.01 17,600

D−Ex+ 99 73.4 (104) 0.08 (0.24) −133.5 0.05 −2670
D+Ex+ 100 188.0 (454) 0.05 (0.19) 114.6 0.03 3820

Cost-effectiveness results after excluding the intervention that is both more expensive and less effective than its successor

D−Ex− 102 30.9 (95) 0.14 (0.32) 30.9 0.14 220.7

D−Ex+ 99 73.4 (104) 0.08 (0.24) 42.5 0.06 708.3

D+Ex+ 100 188.0 (454) 0.05 (0.19) 114.6 0.03 3820

Groups aggregated according to allocation to exercise

No exercise (D−Ex− and D+Ex−) 198 80.9 (553) 0.13 (0.35) 80.9 0.13 622.3

Exercise (D−Ex+ and D+Ex+) 199 94.3 (330) 0.06 (0.22) 13.4 0.07 191.4

For reference groups (D−Ex− and no exercise), ΔC=C, ΔE=E and ICER=C/E. Unit costs entered at the price level for 2011 [27]

D−Ex− placebo and no exercise, D+Ex− vitamin D and no exercise, D−Ex+ placebo and exercise, D+Ex+ vitamin D and exercise

Fig. 1 Cost-effectiveness planes (5000 bootstrap resamples) (left) and acceptability curves (right) for injurious falls per person year: D−Ex+ compared
with D−Ex− (a) and comparing combined exercise groups with no exercise groups (b)
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This study also has several strengths. This economic
evaluation was conducted alongside an RCT, with 2-
year duration. To our knowledge, this is the first study
examining cost-effectiveness of vitamin D supplementa-
tion in preventing injurious falls among community-
dwelling older women. We evaluated cost-effectiveness
of all the trial intervention arms using a step-wise ap-
proach to calculate ICERs, regardless of whether each
intervention was effective in reducing falls or not [30].
Fall-related costs were specifically compared. Medical
service utilization resulting from all reported falls was
scrutinized through patient treatment records, which also
included home care costs. Costs were calculated accord-
ing to recently published unit costs for 2011 and repre-
sented average costs in Finland [27]. All analyses were
based on the intention-to-treat principle, and there were
no missing data to be accounted for, thus reducing un-
certainty in estimation of the results. From the society’s
perspective, a favorable effect of exercise training on
physical functioning (strength, balance, and mobility)
may bring considerable additional cost savings in the
long-term, as indicated by lower rates of injurious falls
among previous exercisers [45]. Thus, total cost-
effectiveness may be underestimated if only the inter-
vention period is examined.

In conclusion, our strength and balance training was
highly effective in reducing fall-related injuries among
70–80-year-old community-dwelling women at a moder-
ate additional cost. The inclusion of vitamin D supple-
mentation increased costs with marginal additional ben-
efit. Because the training regimen is easily adoptable, a
broad implementation of the program seems feasible. In
other words, the results can be used as a firm basis to
initiate cost-effective, feasible, and safe exercise pro-
grams for aging populations.
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